The class of interleavers is identi ed, which possesses the following property: both Turbo Code component scramblers are terminated in the same state, independent of the encoder information word. It is proven that the presented class contains all interleavers with the above property.
Without loss of generality, we examine at rst the e ect of feeding arbitrary input vectors into scrambler scr1 only. The function f : u (1) ! S (1) K represents the mapping from scrambler input vectors to terminating states. Since the scrambler is a linear device, this function is linear: f(a u 1 + b u 2 ) = a f(u 1 ) + b f(u 2 ) 8u 1 ; u 2 2 GF(2)] K ; a; b 2 GF(2):
Since the terminating state S (1) K can take on 2 possible di erent values s j ; j = 0::2 ? 1, the mapping f subdivides all possible input vectors u (1) into 2 disjoint sets U j ; j = 0; 1; ::; 2 ? 1. All vectors u (1) belonging to one set U j are mapped to the same terminating state S ( Every input vector u (1) of scr1 can be represented as a linear combination of unity vectors:
u (1) i e i ;
The associated terminating state for u (1) then is:
Proposition: For a given interleaver length K and identical component scramblers scr1 and scr2 , a Turbo Code interleaver possesses the double terminating property, if and only if i modp = i modp 8i = 0::K ? 1.
In other words, the interleaver has to permute all unity vectors e i within their respective sets, i.e. if e i 2 U j then also (e i ) = e i 2 U j 8i = 0::K ? 1, because j = i modp = i modp (see above).
is then
u (1) i f(e i ) = S (1) K :
(only if) Let be an interleaver with the double terminating property. Assume that there exists a transposition m modp 6 = m modp. Then for u (1) = e m , we obtain S (1) K = s m mod p (see above), but for u (2) = e m we have S (2) K = s m mod p 6 = S (1) K . Thus, there is a contradiction to the double terminating property and the assumption must be false.
We denote the set of interleavers with the double terminating property as the \class of double terminating interleavers". For the special case of scramblers with a period p = +1, we obtain the If we set i = 1 we obtain 1 = m modp. When we set i = n, we have n modp = 1. Hence all double terminating rectangular interleavers have m = j p + 1 rows and n = l p + 1 columns, where j and l are positive integers.
Example: If we choose the scrambler's memory = 2 and period p = 3, the 13 13-rectangular interleaver is double terminating. The associated Turbo Codes have information words of length 169 bits, where 2 bits are needed to terminate both scrambler trellises in (not necessarily) the zerostate. Moreover, this interleaver has the \even-odd" property of 1], when puncturing is applied to increase the data rate to 1=2, and it is quadratic, which is useful for decorrelating the component decoder's extrinsic probabilities.
Simulation Results: We compared the 13 13-rectangular interleaver to some other interleavers of similar length. The resulting word error rate (WER) is shown in Figure 1 . All curves are obtained using a (punctured) Turbo Code of rate 1=2 with component scramblers of memory = 2. In all cases, a termination of both component scrambler trellises was used, which requires additional encoding e ort for interleavers without the double terminating property. The results were obtained after 10 iterations of the decoder, there were 100 erronous codewords for every simulated signalto-noise ratio (SNR). For low WERs, the 13 13-interleaver performs better than all the other considered interleavers, which is probably due to an increased minimum distance. The other interleavers were a uniform interleaver 3] of length K = 169, which was obtained by averaging the WER over randomly chosen interleavers, the 12 16 rectangular interleaver (length K = 192)
of 6] and a 7 24 helical interleaver (K = 168), cf. 2]. As regards to the bit error rate (BER), again the 13 13-interleaver performs best with 2:7 10 ?5 at an SNR of 10 log 10 E b =N 0 = 3dB.
Final Remark: In contrast to conventional interleaver design, the purpose of double terminating interleavers is not the maximization of the code's minimum distance, but to achieve double trellistermination for the component decoders. The interleaver design algorithm of 7] tries to permute every u (1) of weight 2 associated with the zero-terminating state to a u (2) = (u (1) ) belonging to a di erent set than u (1) ( 7] , 8] show that this is possible only for a fraction of all u (1) ). On the other hand, double terminating interleavers permute all u (1) , such that u (1) and u (2) always belong to identical sets. Double-terminating interleavers can still have a good BER performance, since at small lengths K, the minimum distance is not only caused by u (1) of weight 2, but also by higher input weights. Hence by permuting u (1) within its respective set, the BER performance is not necessarily deteriorated. On the other hand, terminating both component scrambler trellises becomes very simple. 
